Objective. The study objective was to evaluate whether there are clinical or genetic differences between patients with cancer-induced bone pain (CIBP) and patients with non-CIBP, and, in the CIBP group, in those with good versus poor opioid response. Materials and Methods. A total of 2,294 adult patients with cancer who were receiving opioids for moderate or severe pain were included in the European Pharmacogenetic Opioid Study. Pain intensity and pain relief were measured using the Brief Pain Inventory. Linkage disequilibrium of 112 single nucleotide polymorphisms was evaluated in 25 candidate genes, and 43 haplotypes were assessed. Correlations among demographical factors, disease-related factors, genetic factors, CIBP, and pain relief were analyzed by logistic regression models corrected for multiple testing. Patients with bone metastases and bone/soft tissue pain were defined as having prevalent bone pain (CIBP population).This population was compared with patients who had other types of cancer pain (non-CIBP). Results. A total of 577 patients (26.2%) had CIBP, and 1,624 patients (73.8%) had non-CIBP. Patients with CIBP had more breakthrough cancer pain episodes (64.2% vs. 56.4%, p 5 .001), had significantly higher pain interference in"walkingability in the past 24 hours" (p , .0001), used more adjuvant drugs (84.1% vs. 78.3%, p 5 .003), and had a higher, albeit nonsignificant, median overall survival (3.8 vs. 2.9 months, p 5 .716) than patients with non-CIBP. None of the examined haplotypes exceeded p values corrected for multiple testing for the investigated outcomes. Conclusion. Patients with CIBP who were taking opioids had a clinical profile slightly different from that of the non-CIBP group. However, no specific genetic pattern emerged for CIBP versus non-CIBP or for responsive versus nonresponsive patients with CIBP.
INTRODUCTION
More than half of all patients with cancer experience pain [1] . Cancer-induced bone pain (CIBP) is a frequent cause of cancer pain [2] [3] [4] . Pecherstorfer and Vesely [5] reported that CIBP was present in 34% of hospitalized patients with cancer and 45% of patients enrolled in a palliative home-care program. In most cases, CIBP is associated with metastatic disease and caused by tumor involvement of the bone. Tumor cells can elicit bone pain by causing pathological fractures and microfractures or by invading sensory nerve endings. Tumor burden causes oxidative stress, and disruption of the normal bone homeostasis will result in an acidic microenvironment. CIBP also is associated with the release of inflammatory cytokines. These biological processes are thought to mediate pain, but the experience of pain is closely related to characteristics of the "host" [3, [6] [7] [8] .
Patients with CIBP often experience a combination of constant pain and pain exacerbations, either spontaneous or episodic pain provoked by movement or weight bearing [7] [8] [9] [10] [11] . Correspondence Because of the complex etiology and clinical fluctuations of pain intensities, treatment of CIBP often needs to be multimodal. Therapy can involve both pharmacological and nonpharmacological approaches, including the administration of various analgesics, bisphosphonates, radiation therapy, and surgery [12, 13] .
Opioids represent the basis of analgesic therapy of CIBP [14] [15] [16] [17] [18] despite the lack of controlled clinical trials on the effectiveness of opioids in pain due to bone metastases [19] . There is a large interindividual variability in opioid efficacy. This variability has initiated numerous studies on the effect of genotype for opioid pharmacokinetics and pharmacodynamics.These studies are designed to assess the influence of single nucleotide polymorphisms (SNPs) in candidate pain genes encoding receptors and ion channels implicated in pain modulation [20] and/or the effect of genes encoding drug-metabolizing enzymes and transporters on analgesic drug pharmacokinetics [21] . A theoretical aim would be to develop "point-of-care genotyping devices" to tailor analgesic drug therapy to the individual patient [22, 23] . Some preliminary studies show promising results, but these have not been replicated across larger studies, and the ultimate aim of personalized prescribing remains elusive [24] [25] [26] [27] [28] .
One explanation for the lack of consistent genetic association with opioid efficacy for cancer pain may be that the studies usually include unselected cohorts of patients with cancer pain. Because CIBP represents pain etiology with its own biology, important clinical appearance can be missed in a larger study including all subgroups of cancer pain.Therefore, this study represents a secondary analysis of the European Pharmacogenetic Opioid Study (EPOS), whose primary aim was to assess the influence from genetic variability on opioid use for cancer pain [27] .The study analyzed 2,294 patients with cancer in an unselected group of patients with cancer and observed no statistically significant relations between genetic variability and opioid dose. In this study, we investigated the specific characteristics of CIBP and address whether there are clinical or genetic differences between patients with CIBP and patients with non-CIBP.The study also assessed whether there is genetic variability in patients with CIBP with good versus poor opioid response.
MATERIALS AND METHODS

Study Design and Patients
A total of 2,294 patients with cancer were recruited in the international, multicenter, cross-sectional EPOS [27] , with the principal aim to examine the association between genetic variations and opioid efficacy on cancer pain relief. Patients were eligible if they had verified malignant disease, were aged $18 years, and were scheduled with opioid treatment for moderate to severe pain for at least 3 days. Patients who were not capable of speaking the language used at the study center were excluded. A total of 93 patients were excluded from the genetic association analyses (because 53 were of nonwhite ethnicity, 5 patients were Greek, 24 did not have a blood sample, and 11 withdrew from the study). Thus, 2,201 white patients were included in the final genetic analyses.
Study Procedure and Assessment
At the time of inclusion, the study collected the following information: demographic data (age, gender, ethnicity), cancer diagnosis, presence of metastasis, weight, height, place of treatment, opioid treatment details (medications and dosages, time since opioid treatment started), and use of nonopioid and adjuvant medication. Opioid doses were converted to equivalent total daily oral morphine doses using standard tables [29] . Pain mechanisms were assessed according to the Revised Edmonton Staging System for cancer pain (visceral, bone soft tissue, neuropathic, mixed, unknown pain) [30] . Breakthrough pain was evaluated as present or not present. Pain intensities were measured using the Brief Pain Inventory, an 11-point numeric rating scale from 0 ("no pain") to 10 ("pain as bad as you can imagine") [31] . Pain relief was evaluated in percentage from 0% ("no pain relief") to 100% ("complete pain relief") [31] .
Cognitive function was assessed by the Mini-Mental State Examination [32, 33] , scoring from 0 to 30 (0-23 definite cognitive dysfunction, 24-26 possible cognitive dysfunction, 27-30 no cognitive dysfunction). Functional status was assessed by the Karnofsky Performance Status [34] , scoring from 0% to 100%, with higher scores meaning better function.
The European Organization for Research and Treatment of Cancer Quality of Life (EORTC QLQ)-C30 version 3.0 [35] was used to assess the patient's self-reported quality of life (EORTC QLQ-C30), which consists of 30 questions comprising 5 functional scales (physical, role, cognitive, emotional, and social), 3 symptom scales (fatigue, pain, and nausea/vomiting), global health status, perceived financial impact of the disease, and single items to evaluate additional symptoms (dyspnea, loss of appetite, insomnia, constipation, and diarrhea). Scores are linearly transformed into scales of 0 to 100 (100 corresponds to high health-related quality of life for global health status and the 5 functional scales, whereas symptom burden and financial impact correspond to maximum difficulty). A validated version in the language of each study center was applied for all instruments. Data from overall survival (OS) were available for 1,879 of 2,201 patients.
Patients with bone metastases and bone/soft tissue pain were defined as patients with prevalent bone pain (CIBP population). This population was compared with patients with pain not originating from bone metastases (non-CIBP population). Patients with a pain relief score of 90% or more were defined as "good responders" to opioid therapy, and patients with a pain relief score of 40% or less were defined as "poor responders."
The studywas conductedin accordance with the Declaration of Helsinki on Biomedical Research Involving Human Subjects. Approval from the ethics committees of each participating center was obtained, and each participating subject provided written informed consent.
Polymorphism Analyses
Whole blood samples were obtained and DNA extraction and SNP analyses were performed as previously described [27] . Individuals with a minimum allele frequency of less than 5% or in violation with the Hardy-Weinberg equilibrium (chi-square test, p , .0005) were excluded [36] . The selection of genes was based on genes reported to be candidates for genetic www.TheOncologist.com ©AlphaMed Press 2014 Scarpi, Calistri, Klepstad et al. variability related to pain or genes coding molecules with a putative role in inflammation and pain physiology. SNPs were chosen according to location and expected frequency. To evaluate the linkage disequilibrium between the SNPs, we used the haplotype analysis software Haploview 4.2 (Broad Institute, Cambridge, MA, http://www.broadinstitute. org/scientific-community/science/programs/medical-andpopulation-genetics/haploview/haploview) [37] using the default algorithm. In our sample set, we could predict the following haplotype blocks:
Statistical Analysis
The comparisons between patients with CIBP and patients with non-CIBP related to clinical data or haplotypes were analyzed by logistic regression models. Odds ratios and 95% confidence intervals (CIs) were adjusted for gender and country of origin.To mitigate the issue of multiple testing, a false discovery rate (FDR) of less than 10% was used to determine haplotypes associated with the dependent variable bone pain. FDR was controlled using the Benjamini-Hochberg step-up procedure [38] , on the basis of all tests for significance of covariates for the regression models. We examined models in which haplotypes were given dominant, codominant, or recessive effects.
Overall survival was calculated from the date of inclusion in the study to the date of death as a result of any reason. OS was estimated using the Kaplan-Meier life-table method and compared by a 2-sided log-rank test. All statistical analyses were carried out with SAS software (version 9.3, SAS Institute, Inc., Cary, NC, http://www.sas.com).
RESULTS
Clinical and demographic characteristics of the patients with CIBP (n 5 577, 26.2%) and patients with non-CIBP (n 5 1,624, 73.8%) were similar except for cancer diagnoses and presence of bone metastasis (Table 1) . Prostate and breast cancer were more frequent in those with CIBP, whereas gastrointestinal and cancer in reproductive organs were more frequent in those with non-CIPB. Patients with CIBP had by definition 100% presence of bone metastasis, whereas 26% of the patients with non-CIBP had bone metastases. The reports related to pain were generally similar ( Table 2 ). However, episodes of breakthrough cancer pain were present in 370 patients (64.2%) with CIBP and 911 patients (56.4%) with non-CIBP (p 5 .001). Patients with bone pain had a significantly higher pain interference in "walking ability past 24 hours" (p , .0001).
Analysis of quality of life reveals that physical and role function scales were associated with patients with CIBP or non-CIBP. Mean (SD) scores of these scales of EORTC QLQ-C30 were higher in those with non-CIBP than in those with CIBP (42. The median opioid dose expressed as the oral equivalent daily morphine use was similar in the two groups of patients: CIBP group, median value 160 mg/24 hours (quartiles 80-380); non-CIBP group, median value 180 mg/24 hours (quartiles 80-400) (p 5 .10). More details on the use of analgesics are shown in Table 3 . Patients with CIBP more often used paracetamol or corticosteroids, whereas nonsteroidal anti-inflammatory drugs and gabapentins were equally applied (Table 3) . Globally, patients with CIBP received adjuvant drugs more frequently than patients with non-CIBP (84.1% vs. 78.3%; p 5 .003).
The efficacy of opiates to relieve the pain was similar in the CIBP and non-CIBP groups. Median opioid doses of morphine, oxycodone, and fentanyl were 80 mg/24 hours, 60 mg/24 hours, and 75 mg/hour, respectively, for patients with CIBP compared with 60 mg/24 hours, 55 mg/24 hours, and 50 mg/hour, respectively, for patients with non-CIBP (p 5 .088, p 5 .075, and p 5 .090, respectively).
In regard to life expectancy, patients with CIBP had a higher, albeit nonsignificant, median OS (3.8 months; 95% CI, 3.2%-4.2%) than patients with non-CIBP (2.9 months; 95% CI, 2.6%-3.3%) (p 5 .716).The median OS of patients with CIBP who received high doses of opiates and experienced relief of pain was higher than in patients who received high doses of opiates and did not experience relief of pain: morphine, 7.2 (2.9-10.2) months versus 4.5 (1.7-5.5) months (p 5 .573); oxycodone, 6.6 (3.2-9.0) months versus 2.7 (0.5-4.1) months (p 5 .004); and fentanyl, 3.4 (1.8-4.6) months versus 2.4 (0.6-13.4) months (p 5 .476).
Haplotypes Analyses and Pain
Of 125 SNPs analyzed, 13 were excluded from the study: 3 SNPs (rs1202181 in ABCB1, rs7175823 in CHRM5, and rs33940208 in HTR3A) because no genotypes were recorded and 10 SNPs (rs7815824 in OPRK1, rs16954146 in ARRB2, rs4878 and rs11558046 in HINT1, rs1805009 in MC1R, rs1800496 in DRD2, rs1799920 in HTR1, rs34327364 in HTR3A, rs3831455 in HTR3B, and rs34826744 in HTR4) because allele frequency was less than 5%. All remaining 112 SNPs were in Hardy-Weinberg ©AlphaMed Press 2014
The Oncologist ® equilibrium and were retained for analyses. A linkage disequilibrium analysis was performed for all SNPs according to gene position.We identified 43 different haplotype blocks that were evaluated according to bone pain and pain relief. Among Table 4 ). Patients with CIBP who experienced good pain relief and poor pain relief were analyzed with respect to haplotype variability.Two haplotypes were associated with a good pain relief response (uncorrected p , .05) ( Table 5 ). However, none of the associations passed the Benjamini-Hochberg criterion in this case.
DISCUSSION
In this study comparing patients with CIBP and patients with non-CIBP, we observed that except for more frequent episodes of breakthrough pain, reduced ability to walk, and more use of corticosteroids, the two pain groups were rather similar. In a selection of pain-relevant genes, we did not find any genetic variability, which after correction for multiple testing was significantly associated with pain relief from opioid analgesic therapy.
Not all patients with bone metastases exhibit symptoms. Still, as many as two thirds of patients with metastatic bone disease experience severe pain, particularly those who are in advanced stages of cancer disease [39] . Bone involvement increases the risk of serious complications, such as pathologic fractures, hypercalcemia, and bone marrow compression, and significantly reduces quality of life. In the absence of metastatic disease at other sites, the presence of bone metastases is associated with a relatively long life expectancy [40] [41] [42] [43] . Therefore, optimizing treatment is important, but CIBP can be a therapeutic challenge because of a combination of an ongoing baseline component, neuropathic pains, and episodes of breakthrough pain.
This study represents an expansion of previously published analyses in an unselected population with cancer pain. In this study, all patients with cancer regardless of pain etiology were included [27] . Cancer pain may be a result of several pain mechanisms, each with the potential for a unique pain pathophysiology.Thus, the negative findings from this study may be caused by a variable phenotype, for instance, pain caused by bone pain versus pain caused by nerve destruction. Therefore, we wanted to analyze the special characteristics and potential genetic influence in CIBP. In our study, patients with bone pain, as expected, more frequently had cancer diagnoses that are associated with a higher risk of bone metastases (e.g., breast and prostate cancer). In a study by Berger et al. [44] , patients with bone metastasis required more frequent treatment with opioids. However, in our study in which patient inclusion was based on the use of opioids, we did not observe any differences in opioid dose for those with bone pain. Also, for other characteristics, the similarities between those with and without CIBP were more striking than the differences. In addition to more frequent breakthrough pain, reduced ability to walk and more use of corticosteroids in the two populations were similar.This observation implies that in patients with moderate or severe pain indicating the use of opioids, similar clinical observations can be expected regardless of the presence of bone pain.
In our previously published study including unselected patients with cancer pain, the candidate genes were primarily selected on the basis of their known or putative involvement in opioid analgesia. The results suggested that none of 112 SNPs in 25 candidate genes showed significant associations with opioid dose, and these findings did not support the use of pharmacogenetic analyses for the assessed SNPs to guide opioid treatment. Later reviews on the role of COMT and OPRM1 genes demonstrated negative results [45, 46] . Still, the individual variability of opioid pharmacology suggests that patients' genetic characteristics influence the response to opioids.Thus, the lack of genetic association may be caused by an imprecise phenotype and/or the study has not analyzed the relevant genes. In this study, we have made an effort to address these two issues: first, by selecting a cohort with bone cancer pain, and second, by adding genes important for inflammation. Still, we did not observe any genetic variations that were convincingly predictive of pain relief.
Generally, in studies evaluating the association of polymorphisms with palliative therapies, each single SNP has been correlated separately with pain perception and/or analgesic efficacy, and few data are available on the association and clustering of SNPs in specific haplotypes. By evaluating the nonrandom association of single alleles, we identified a number of haplotype blocks. Several of these showed an initial association with bone pain and pain relief, but none could be concluded to represent a significant association because they did not exceed the Benjamini-Hochberg criterion. The lack of a statistical association of molecularmarkers with bonepainand pain reliefcould bedue to some limitations of the study. First, the low number of cases for some haplotypes may limit statistical power and result in falsenegative findings. Second, the categorization of bone pain was based on the clinical decision by the treating physician, and the presence of bone metastasis was based on available clinical evidence. It is evident that clinicians may err in the categorization, and patients with advanced cancer may have bone metastasis not detected by examination. The presence of The Oncologist ® bone metastasis and pain is not equal to the presence of bone pain. Finally, in this study a candidate gene approach was selected primarily on the basis of inflammation and opioid pharmacogenetics. Other genes involved in other aspects of bone pain physiology or in opioid pharmacology could certainly be involved, and other genetic analytical approaches could be applied to detect effects from unknown, important genetic variability. 
CONCLUSION
This secondary analysis showed that patients with CIBP had more breakthrough pain, had less walking ability, used more corticosteroids, and had a slightly higher overall survival than patients with other pain causes. Other clinical and treatment characteristics, in general, were similar.We did not observe any genetic variability that predicted pain intensity or pain relief in patients with CIBP. Further research is needed to elucidate the role, if any, of genetic predispositions in the management of CIBP. The Oncologist ®
